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Displacement in tons 

Beam in feet 
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'"his tie* Is comprises an a 1 1 r r- p t to obtain a 
i:v le, conc'se ipehoci o r d et emining resistance to ship 
propulsion in the early stages of design v/orV vd* ere fre- 
quent changes In charar ”1 "tics are made and qualitative 
rather than exact quantitative information la require! . 

"he line of invos "1( ation has been reorpani ?a t * n of the 
iuta riven in ^aylor's contours of resistance an! clir.ina- 
’■ion of variables which ’ avc minor effects wherever possible. 
It has been foun" uopslble to plot contourc of total rests 
tance vs d an! V VI- for a mean hull at various valuta cf £ 
(figures V to XVII) an! to prov!!e two simple corrections, 
cne f c r length (fi.'ure T! r ) an! one for bA‘ (figure IV) 

/:hich will give results accurate y/ithin of Taylor's 

series (See tat le ;V). ?.’e thus lave a total cf 15 charts, 

only 4 cf which ar« require! for any specific hull. 

T'se o“ these charts may be reduced to the fellow! s; 
simple equation: • 

*>t = [°p f h] a (1) 

where Sc is obtained from figures V to XVII. 

C = (-/p - 7 . 0 ) C an! C • is from fir. TV 
A is obtained fr on figure III. « 

* i, ii urcs V to XV I" nay ' c used without Inter, c.atioh hj url v 
the nearest value ct Xwith a difference ■ ‘ ° on Interpol ♦ «’d 
V; uos o r !> ' r r le 3S - average about 2f ft ' motion values 

i 1 

J? • *' ’ > .65, ^ tc . ) If o linear interpolation 1’ mtd'*, • )•» 

fC ..arts r» juire! to c ov < r t h* entire r>rqt 



t ( v a 1 nun e - 



2 



variables.' can be reduce;* to 7 with neglipi tie sacrifice i.i 
accuraev . Ini a Is a ecu iderabl c improvement over tr c 5«' 
darts rc-p.ir^d i.i Taylor. 

T '/ 1 e authors have found use of these curves .T.uch 
simpler, quicker, and less subject to errors of rearing and 
interoolation than the curves used in Taylor. m hey are no f 
intended to irrprove on the accuracy of Taylor's data, and 
of course they will not allow for special variations in hull 
berm used to improve on the standard series such as transom 
sterns and bulbous bows. work should be very useful, 

however, in any problems involving estimates of resistance, 
especially in preliminary design work. 



\ 



Ir t he r r 'q'u ra ♦. Lcn ?f ary are! lr_ina .* <. : , 

of Mif tedious jobs is the frequent, • e: rr.lua t i a Cd . over 
requi r e~ent s at the desired tu/ ' r.ur. spe^d and e" i* 't r 
as hull c c e f f 1 c i”nt° are o'- a a, ed . "'he desired 3 f.pt I 3 u*’e 
generally riven, end tney are alrr.cot Invariably at ju 
’'/ jfh no*- plotted in Tuple '’s curves sc that a r atdrrv.ar ' 1 f c - 
v ay inti- -u ola *-ion Is required to yet the res 1 st. a:'- e . Hint 
; ' curacy is not essential at this stare In tie tev^iaj *nt 
of a design, hence it appeared possible tc ^evric- a jutel* r 
r.eans of ietern’ini.ur resistance variations as the rtarae t er- 
istics are c v anped in the rr cl lml nary stares. A survey o 
1 i * era tur ^ cn the subject cf resistance revealed only o ie 
such attei.pt - a set cf curves developed by • . T *<- •hcc v "er 

o r pjarburp M pdpl n asir.. n hese curves, printed in an 

article by 'V. V. Lochov.cki in the harlne ”nr ine *»:•! r.it vv 1 
Shirring qrviev; cf Var r, h 1947, covered a r>, rn o nf v/’fL f i 1 cn: 

. c C to 1.10 and plotted speed ccutours on an absci?sa f 

1 r noth and an ordinate of ^r. "ii s rives a ready, r> ou>d 

u t 

vr-v rouch, method of estivating T .1.P. The priori cl;t - 
tlon to t enerul use of 3uch a 3 lrr.pl e set cf carves lie. * r 
*:: e ccvletc disregard cf variations In ecefficl'nts * : '".m 

A jrellminary inves * l£a tlon indicated tr.a + cc..sl'erd - r !r - 
j'l 1 rtca t i on of Taylor's curvej ccul ’ bo achieved r very I!*” 
fnr'i? e f occuiuc'' - the- curves do’ eloped »ri r *1 1 ” v e ■ * ; - 



ion *i re ’.resented In th 1 r thesis. 
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P^ClEr-'lF 

"Tlie Speed art 5 Fewer of Ships," by D. A'. "aylor 
;'c:r.s the basis for all the data used in the developrr entr of 
this thesis. The frictional resistance data was obtained 
p rcn r ’aylor , s figure 188 and the residual resistance was cb - 
tainod from Taylor's contours of residual resistance. 

A . Limitation cf Variables . 

^ho first step in the development cf the thesis 
v/as tr select the c ce.f f ic lents of form to be use? In the 
preparation of curves, and to lic.it the range of these co- 
efficients as far as practical. To this end, a table of 
representative characteristics (Table I) was prepared, 
covering types of shi^s in actual service. ^or simplifi- 
cation of loth plotting and use it is desirable to fix as 

many variables as possible. It v/as ,d ecid ed t v nt a mean 

/ 

value cf f/j t could be used, thus eliminating one Inter* ola- 
*-ion required in "’aylcr's curves. A mean p/ll value of 3.0 
v/as selectel. It was also decided to cover values of d frem 
£0 to ■’i'0, v/fT from .80 to 1.80, and J( from .56 to .;’G. It 
was not apparent how la rge the effect of variation of m 
wo aid be but tentatively it was decided t.o leave it out of 
th* calculations. 

F * “ cblrfJ c< ~ blotting 

The nert qu r s'ion was how the data could bo ~ t 'c 
plotte 1 . to simplify "Pylcr's presentation. v/Ye wqs select/d 
1 / *hc nr at desirable abscissa as it is always the las'* hr 



1 



5 



plowing r \*F data. '’’ollowinp the lesd cf "r . I* -eks v c r ' ? 

clot, referred to in the introduction, \ pel iminnry rough 

plots were ’’ado no with and — as or ir.ate3 and for 
1 * ’If ?t 

various values of .£ and r] . These resistance '"actors were 
also tried on coordinates of $ and d for various values 
of v/f L but the results were not premising enough to warrant 
refinement. T T se of these ratios requires computation of T>f 
and providos little or no simplification in the number of 
ooerations that must be performed to arrive at the total 
resistance. After a study of these preliminary forms it 
was decided that the most promising line of effort was to 
plot contours of total resistance on d and v/VT for succes- 
sive values of If these values cf |are selected, close 

enough together It makes it possible to use the nearest 
churted value of Jl to the actual hull being considered with 
good accuracy. If, on the other hand, it is more desirable 
to limit the number of charts a smaller number of values < f 
Jl should be used and the actual results obtained by inter- 
polation. It was decided that intervals of .00 would bo 
close enough to permit approximate use without interpolation 
and yet would cover the desired range without too many plots, 
vor determination of Rf it was decided to use a lengti of 
£00 ft. and a wetted surface coefficient of lb. 4 as used in 
Taylor’ 3 fijjwe loB. 

"he resistance data presented in Taylor’s curves 
was picked off in tabulated form for use in preparing tie 
curves. {Table 1 J in the appendix is a sample cf this r or . 

I 

Originals ar^ filed in the thesis notebook). A corplete 



ret ol' c c l i t ta*ic ' n;; ves •/. us ?'f-par> A t r xarf? sole, 

i ] ( t * I rr curves ; f k* - vs »' /-/T" for ^ values f , 7L , j,. , 

1 it, 170. 1.50, 1 " 0 , * 1 jo . One set if these curves v. s 
rrenareci Or each valve cfA frc* n .54 tc .HO In Inc' recent . 
of . . ( "rose curves also are ‘'’’led '„n the "''^esls ne*e- 

tcok). "ijru~e- T is a samelc , tc small scale, t 0 Illustrate 
the n.etbc'. It will be ncted t h at a lancer scale was us<'.3 
for accuracy : clow V/-/h of about 1.00. The »c contp’ifs (*>* 
for the selects! rrean coeff Icients ) were then plrttec,’ ay 
pi ckinr o'Y the data from the master curves a? illustrate! 
by figures I and II. The bine sb e^ contours arc included 
here as ftp.ures V to 7VTI u;her Results . 

0 . Corrections f o r L, r /h , 

It Is obvious that several errors arlsiu t 'or. 
of ncan * ■ /l I and L are rresent if these contours of nc arc to 
v, e use' 3 p cr a variety cf lulls - scrr.e of w> ich may riilfer 
widely from the mean coefficients user here. It was elt 
that cons Id erahle improvement could be rede by i n*' rcduc i i.p 
two simple correction'' - one "or variation of ~/} J from the 
r ran value of 7.0 and tie othor .‘'or variation cf leryth from 
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Figure ~rn 
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. 1 • « a ? - c " • c ; r c go r *" i < : r • i ' ' , -/T" a * ' 

j r t c cm r r.t y c r o’* ■; n r '3 r! t b the r sul * i c : t. J i 2. ) 

In t : err. of a sir pie none.', raj h which yial’s tl < averto * 

crr." n -‘ '.on A (figure HI up/er results). /■ no re dot tile : 
discuscio.i of this correctlcn is given In the append!/.. 

Variation of b/k ■ as ’•wo effects - onp c.n the 
value c r the wetted surface coefficient and one on thr \u.^r 
if ^r. "ho effect on wetted surface coefficient - and 1 0 nu 
on is of the order of 2* or less for ncrr.sl values f : . 

1 f effect on total resistance is of course smaller - an th’. 
eg: eel ally at moderate to large values of v/-/T". ’ a is c:u- 

s’dcrcd. "second order" smallness in an a; , rorimata * reef- 



nont . "he - r ' r fect on t’r, hcrevc-*, is quite large - * t : »v . 
amount to about 10'"' of the total resistance an' it i: d'p rp- 

fore essential to correct for it if the retie : ir to orevi. 
reasonable accuracy. Several methods of plotting a «. ~rr< ci * cm 
were tried and the final one selected was cbtainej by graphi- 
cal ly averaging the correction fer several values of £ . 0 .! 
i lotting this average correction vs d and The detn.’l 

of this r e v e 1 o pm nt ar< covered in tl n apt* I v . an" y • h .’:zs 
' 7 , z d X. '.'e *'r ' ia e the advantage of usi’p ‘~ y v 

are v pf ! -iat"i as Or contours of . 1 1° "eve re re" 

o'c'- 1 on •* m c/y • r , >jiot t r-f in fi, . *"y for a mil t \u •' tic of 

"/ TT ’ > rC"' |-hf> irfo 1 \alue c .0. ** r value ,ui r>ed off tht ’ !gii p 

r..s t be rrul’iplied by *h* r i • f r j’pnr r between ’he net.-. T - 
and «'*.0 be, fet-e it in added to n c . (fee equation (1)1* 

mid 'it ' f r* ' * • . 
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ccefficio: t ri is fh* cnlv variable unaccounted for. ">>is 
variable nay be considered in t^e same manner as tbe effect f 
u /y on the wetted surface coefficient. Fere again we lave • 
"second r rdee" effect and it is neglected in this develcrren^. 
An examination of figure 20 in "aylor will show these effects, 
mfce orissicn cf these second order effects is justified by 
the results obtained. 
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The results of this study ere r resented graphi- 
cally by figures ITT through XVTJ. Tn.ese plots provide 
a quick and simple means of determining preliminary power 
requlr er.ents on the basis of Taylor's Standard Series, 
figures V to >?'II are contours of Pc vs d and v/-fL for values 
' of k from .SC to .80, a mean n ./ll of 0.0 and a mean length of 
500 ft. Figure TV gives the correction O' which, when inul t 
-plied by ( n /} : - 3.0), gives the value C which must be added 
to Vc to correct fc-r the actual value cf r/h. figure III 
gives the length correction. A, which, when multiplied by 
(Re f c) , rives the actual value cf Rt. 

Accuracy, .of course, is the first question to 
be considered in using a sot of curves such as these. "lie 
resistance cf bulls of normal form may be determined from 

these curves with an expected error (based on Taylor's 

1 

series) o’’ not more than c.\%, which Is certainly close f-no url 
^or preliminary studies . Results for both Baylor's Series 
and this set of curves over a wide range of represen ta 1 1 v o 
hulls are given for comparison 5n the appendix (table TV). 

1 
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I* cr'er tc '-'rent ' ri.tc t.i - urn of ♦ etc t ."V' 
£ . r i equaUen (1), assue tent *<= reeO t l e icv.tr rf-i *lr<° 
n t *'u] 1 rreed Tor '• ,-r^lir. Ir.r.rv desire of t - *•• rclleeinF 
eristics (typical cf a f"c.i?aUantic • 1. 
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figure of 12.32 obtained without Interpola- 
tion, compared to 12.29 from the Interpolated data shows a 
difference of only .2fcj, vhlch is quite satisfactory. ^.e 
difference, which here reduces the error from Taylor's series, 
lr just as libel;/ increase the error in other cases. "his 
effect 1 s discussed in the next section, and can be sej-n 
clearly ■ n ^ble T” • . ( 
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PIS CUSS IOV Op RESUL TS 



A • Crl terl a 

'’’he authors started out to find an approximate 
method o° determining resistance for p rel irr. Inary design 

4 

studies. ^herc arc two primary criteria to be applied to 
the results cf such a study: (1) Is it accurate enough to - 

be used? and (2) Poes it represent any real advantages in 
time or method of use which make it preferable to the ret ular 
fi'ottcd? It is our opinion that both of these criteria are 
satisfied by thes^ curves. 

■» 

P .. Accuracy 

Accuracy of the charts, as mentioned under re- 
sults, is vithin the accuracy to be expected of preliminary 
calculations. In fact, a tv/3 percent error in the resistance 
is v.ithin the limits cf accuracy of many tests used to deter- 
mine resistance. It has been said that F.HP curves should be 
drav.n v:lth a paint brush instead of a pen, and with this in 
mind , a one or even two percent variation from Tavlor’s Series 
soems quite negligible. Vany designs improve on '"aylor's Series 
by special features, such a3 ^ransom sterns and bulbous bov/s. 
Pmao curves are not intended to allcw for such variations a*<d 
are applied V only as far as '"nylor's dat* normally vculd e 
use . ' T 'ne appendix Includes a table o'' results (table T ) 
obtalne' for ccrr;urison from this series and from T 'aylc>e for 
a w i d range of hull forms. 

(' . A *va ntages 

In t v .^ (ulculft 1 Icn cf comparative figures ar. • pf>*rr] 

J 



use c f the r u. r- ^ r e a [‘■'•ors fc und : w at there v.er~ ri , i - 
t r? ’ n >c t.V tine and accuracy of use for these curves, 

Tli e elimination cf the awkward four-way in ' <■: rpcla t i on ro- 
quir^-d in "uyl^r’s .Series alone makes for simplicity and 
this, in turn, offers fewer opportunities for error. In 
the prepara *■ 1 on of '"able TV for example, v.hen ] ar^o dis- 
crete r.c i^s indicated an error in one or the cfVer cf the 
methods, the mistake vas «lrost Invariably found in tVic 
interpolations of Taylor’s feries. "here ia an appreciable 
saving in time as well, especially v.hen a number of calcula- 
tions are to Vo made. 

T> . ’’umber of Chart s Required 

The total number of charts required speaks for 
itself. Tine 1.0 charts here are to be compared to 56 in 
Taylci . Vet onl\ this , but for any specific hull the c cr - 
rlftr ran c of data nay be obtained from three or four of 
these r,ev/ charts ewin^ to the use cf v/YT? as an abscissa, 

■j 

w! lie all ehr charts must be used in "’aylor. The total .our: - 
ter f charts require! der ends on v/hetV e" or net it is dc- 
sired to interpolate between values of . If l f is desired 
to use the nearest plotted value of Jl to the hull in questic; 
without inh' r [ clot! on, then it is necessary that the lnc-e- 
r^nts in i t ^ small. Tire authors had this in mird when . ’2 
was selected as the lucre:- en t to be use:. In the curve s 
presented lore it is possible to use the nearest plotted 
value of X v. li-hot t in *:z rt oia t * on , rs indicated mr n’ b«: ult. . 
mho wafr.? tube of ti e error + > * ;n iat rc ’uceb v, ill be preate: ♦ , 



L * 



t r c 



.1 



0 I ^ ( • c \j 



> 



' ' r 



i 



cr "reJiui. v al 
tc as rruch as t r for vul 1 < £■ 



.0/ 



= :• je 



cf . v &r,d V/VT •->>' 1 • v< 1.0. An "avemfr’ 1 difference t l be 

4 

e~pt.*' "or p'il.n va'upr," o’" ^ has hern fcuiv 5 to bo 
a'r cm O' . "he effects* of this difference can be seen 
quickly in "able IV, which fives representative values with 
end without interpolation for comparison to Taylor’s Soiies. 
1° it Is cap ecially c esirable to limit the total nui.ior ci 
charts, nc^lifitlo error will be introduced ly acceding tie 
necessity of 1 rg c r*r els t i cn and using values cf- $ rp-.^ratr 1 
l;: .0*1 or even .06, ir. which case the total number of charts 



required reduces to 7 . 

"1 e range of values of X to be covered is also cp-^n 
to some codification. It seorrs unlikely that . t'O v. cuic be 
required for a normal, use, although it is presented tore fer 
mplettnr-si. It is possible to go to higher values cf % 
t v ah .c 0 for^alrcs cf V/^L* below 1.00 tut this die not seer 
worth'.. hi! e . 

In ccnsb'rrs*' ion of ’'he number cf charts rc 1 :il: , ed it 
io nc’' c "» ert^y t) at the provision of an additional v /V correc- 
tion ri art would irnreve the uc curacy c “ t re i’ esul’s. ’he 
errors from tije basic. data as shown by table IV run rs high 
ar rue’' of which cor 10 s f ror the use cf mean ’’slues cf a 

' r> th e '’evelornont of th»* p/y correction. If v/e 13 c tut 
>d art", one covering *"dups o r A boiew . n L and cm be "r . 7 < 

/.c Can reduce thlr maximum error from ’o . out 1 ) . 

"he rr feel, h cv.e g, that the additional oor> r ' i *- r* • ion 

f nn ex ‘ rc < crr^ctlcn chart is no’ v.ort.h Me >■ e 5 n 'r 
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'.c'cur&cy, sincp the j>ethod 13 offered or irr^arilv for euse 
rind cc nvenience ’.iherf accuracy Is not essential. 

1 • • Cone lu s ion 

It Is the opinion cT the au-hors that these curve .3 
are simpler to handle than the Taylcr series. They are cer~ 
tainly ror-e condensed and. t^ey are well within the limits 6f 
accuracy normally expected for preliminary studies. "hey 
are offered for use wherever they may be applicable. 



3 * 












3 * 



/.pi -mx a 

Details of Procedure 
1 . p ' n e cf Pull Forms 

As rentioned In the section on procedure a survey 
cf representative characteristic? v;as made Jr. order to de- 
cide rn th« ren.£ f of coefficients to be covered. Tatle I 
is a tabulation of a vide variety of shirs in actual service 
which was tho hasis for this study. it i 2 felt that t ii3 
list includes all types likely to be encountered in norr.al 
design work. 

J . ^ar.ulatlcn of Pesistc^cc Data 

'"he data from Taylor’s "Speed and power" wa3 picked, 
off in tabulated fern for ease in plotting. Table II is a 

sample of th ' s form, '"he criminals ore all filed in the 

* 

thesis no’ ebook. The values in any case may be cite led 

directly from ""ayl cr 1 ? curves if desired. 

?' . reveler rent cf length correction 

In cons ide r i nj_ the uissible methods cf providing 

a correction for variation in length It v.as decided, tr a t a 

nomerrur includin' lo.pth and v//T vcUl' 4 he the test methc . 

rn ‘ esc vt”! »hle: > f re chosen because variations cf length 

n f i.'ur value of 0 ft. will cause an error in t v » 

frictional component cf p t only and the prop or 1 1 On of t* : 

err orient in turn depc:.1‘* ’in'marlly on 'J/yf L" and only re* o*r - 

arlly ci ’ arr 1 Jl . Tn order to eliminate d and X tie pr'p * 

/ 

‘lot. ^i' c ■ ; tt' v , \sun nvor*j(fed '.'or val\.t»s of X, - • ■’ , 

■ ‘ , »»:*•' *:hese cir.ts rlc’tod vs VA/T". • a ' ” ' 
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:ablt: i (c-mt.) 
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* V is lie tod hero to the r.carr st kno t . 

l'/jl will vary considerably for cargo vessels with 
their c n'ition e*' loading. An effort has boon made 
here t; obtain or ostlnate leaded figures. 
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TA3LE II 



SAMPLE T? 0RI4 USED TO RECORD DATA 
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follows: e cr t r. 'rite 

'* c.rrertet r rt, r p nr! f c 1 ''ac ‘ 

7t. c" e r ‘c f* *h. e crrrectlcr. factor to Of 1 ; c c' ' ‘ T . . e 

pi ; «■ t'-at * v e 1 pdI th correction (o< in Taylor's -'ir . 1' } 

ir , ri Ictcle tc r ’r Ic *■ ices! resistance only. "lie r : ; ni V' ‘e 
cf ttis ccrroetion to frictional resistance in ( c ^-l} K r, : ’ 

f 'rc r ’ "’if* X711T v.e see that Rf = ^tCx). Cor. lir.iry tl cse we 
ha v c 
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a cf A are presenter' 1 in the Com of a ncnoy ”U'. for r< a 1 
use. This ’ fir* III in the section on results. 

•* . ^eyelcyrr.e.'.t of f le ?/h’ correction 

""he e f f » ■ c f cf n / r variation on wetted surface c - 
e'ficlent was if no red ceciuse 't i., a no ; i U_ * tl v sr • J I iu 1 
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correction was to obtain a single plot of cci’/c'irs cl actual 
variation in total re? 1 stance on coordina t es any t'.\c <v* the 
primary variables u /-\/"L> X , or d. Plots were made of the varl - 
tion of resistance V3 . X for different values of d at several 
valuer, of v/-/"L. Piets were also made for the variation in 
resistance with variation h/Y vs. v/^fL for different 
values of d at several values of J? . neither of these at- 
ter.pts showed any possibility of simplification for easy use. 

Z . ' r hio next step In this investipaticn v;as to plot 

variation in resistance for unit variation of p/h’ vs. d for • 
different values of J! and at different values of v/|*L (see 
rip. XTX) . It was found that for each value of v/-[L the 
curves for different values ofX fdrred a compact family of 
curves, through which a rean could be drawn and thus X was 
eliminated as a variable. "’hese. rean curves at different 
values of v/fTT were then combined in a sinyl® plot (Mp. y X' 1 . 
f^om which contours of variation could be picked off aid 
plotted on coordinates of d and v/^TT in the same r miner as 
the He contours of figures V to XVII. The finished plot is 
piven in flp. IV. The not hod of obtaining It i3 illustrated 
by ftps. XIX, and XX. "'he values plotted cn the contc \ n r re- 
rrca.e it 

r< = Rr (r/i ; Z-.7Z) ~ Rr (p/i: 3.0) (c) 

771 

I 

"his value was selected in cruder to rclrcpli fy the correction 

\ 

to 

C r (B/H - ' . o ) C ’ ('• ) 

T is correction, C, i ? to he a^ded to the value o<‘ cbl'itl • 

h' 



a Variable in 



Figure 1X1X1 

Method of Eliminating ft as 

B/H Correct-ion 




Figure XX_ 

Met'Hoo of Plotting B/h Correction CoisrouRb 
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frcr figures V tc XVII, wl*h the correct al< *: role sign us 
o term* wed t y equation (7). in cen^rfd this correction is 
additive for values of Vk greater than *5.0 an* subtractive 
for values less than 3.0. ""he exception vill be noted as a 
s"all negative area on figure IV. 

^ * It is to be noted that here again we have develcred 

an "average" correction which will not correct ICO*" for -.11 
forms but v/ill give good results when combined with the c^r-r 
approximations made in this study. As stated before, with 
no correction tor °/F it is possible to introduce errors o 4 ' 
as high as lF>f of rt for extreme values of b/f (L.O cr 4.0). 
V.’lth the avera’ge correction as given in figure IV, the max- 
imum possible error is reduced to 5%, It should oe emphasised 
that f'-ece possible errors are the maximum obtained at extrere 
values of the coefficients and V/S/T7. The erre rs to be ex- 
pected in general U3e arc much less than these figures. 
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Simple Calculations 

Calculations for a variety of hulls c f norms 
fonr. ho vp been made for conn orison of the "'aylor curvf*> 
an- 1 the curves ^evelopri in this thesis. •'’’he results of 
these calculations are tabulated «n ’-able JV . The calcu 
1 at ions themselves are filed in t v e thesis notebook. 
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